Introduction
The instrument is a computer-controlled, high-speed, discrete colorimetric analyser capable of performing up to 20 different analyses sequentially with only minimal operator involvement.
Working units
The sample wheel has 99 usable spaces for standards and samples in 2 ml autoanalyser cups, which are held in a thermostatically controlled water-bath at 8C. The reaction wheel has 99 usable spaces for 6ml glass reaction tubes, which can be thermostatically controlled between 30 and 50C using the builtin water-bath. The sample arm is driven by a stepper motor and is pneumatically operated for transferring samples from the sample wheel to the reaction wheel. At the reaction wheel, sample is washed out of the pick-up line with diluent. Before resampling, the outside ofthe pick-up line is washed and dried in an intermediate position between the two wheels to minimize carry-over.
Sample sizes can be varied from 10 #1 to 500#1 and larger samples can be taken by repeat sampling from the same cup.
Permanent storage is available for up to 60 reagents, in volumes varying from 100 ml to 11, 31 of which are refrigerated to 8C. All the reagents are permanently piped, via electrically operated valves, to one of 27 dispense stations situated around and above the reaction wheel. Up to six reagents per test may be dispensed at any one of the 27 stations.
The reagent bottles are pressurized to 7.5 p.s.i, with compressed air and during a test the computer opens selected valves for fixed time intervals, allowing accurately measured volumes of reagents to be dispensed into the reaction tubes.
To ensure complete mixing of reagents and sample, two dual mixer stations are positioned around the reaction wheel. These are pneumatically driven air bubbling mixers and for each test the computer may be programmed with information on: (1) the use of one, two or no mixers; and (2) the size of the mixing bubbles produced and the time interval between bubble production.
At the photometer station coloured solution is transferred from the reaction tubes into the photometer for concentration measurement. For any test the computer will select: (a) the most suitable interference filter (20 available); (b) the volume ofsample drawn through the photometer before the solution is held stationary and an absorption measurement is made; (c) acceptance limits for the number of separate measurements (usually three) made on each solution, and (d) whether the photometer station is used on the first or subsequent passes (in order to complete complex chemistries and to allow time for intermediate chemical reactions to occur, it is possible to permit the reaction wheel to rotate more than once before transfer to the photometer [the maximum number of revolutions is four]; similarly it is possible to arrange for mixing and reagent addition to occur on any or all of the passes).
Operation
After test selection, which may be manual or automatic, the following sequence is followed for each analysis:
( In addition to the above tests, the recommended harmonized monitoring procedure was carried out. This involves measuring a blank, two standard solutions at high and low levels, a river and spiked river in duplicate on 10 different occasions in random order. This gives a within-batch, between-batch and total standard deviation, which can be compared to expected values at the 0"05 probability level (see table 2).
A minimum of 100 results were compared with those obtained using current dynamic flow systems and a mean percentage difference was obtained, a t-test was carried out also (see table 3 ).
Finally, having run the machine operationally for three months, there are CVs now for the total error (both within-and between-batch) on the controls for most ofthe determinands (see table 4 ). because exhaustive tests showed it to be quite reproducible, it was felt that further modifications were unnecessary. The precision had also been improved such that the CV at 75 offull scale was 0"4o.
In conclusion, it appeared that the 'S' shaped calibration curve was caused by over-reduction at low concentrations and under-reduction at high concentration. This was confirmed by comparison with nitrite standards at both ends ofthe calibration curve.
It was found that performing the reduction in more dilute solution minimized this effect. Precision limitations caused by small sample sizes and lack of final colour development prevented complete linearity from being achieved.
Because of the number of factors which can affect the performance of this method in routine operation it was thought advisable to have high and low nitrate standards and a nitrite standard included as controls in each routine run.
Ammoniacal nitrogen
The method as adapted for the IQAS incorporates the standard alkaline phenate method in which an indophenol, blue colour is formed. This method had to be developed using mark-sense 36 cards, as the IQAS used the salicylate method which gave unacceptably high blanks using the reagents available.
The method was initially formulated as a two-pass chemistry to simulate the dynamic flow system, where the mixing and order of addition are important. EDTA was added at station and the alkaline phenate at station 9, just prior to mixing. The hypochlorite and nitroprusside catalyst were added at station 1A and mixer 2 was used. Mixer was again employed on the second pass as a final colour mix. This method gave low ammonia results compared to the autoanalysers and the precision was not as good as expected.
The amounts and strengths of the reagents added were varied and in the case of the phenate, hypochlotrite and nitroprusside, small changes above certain minimum levels were found to give no improvement in the method. The EDTA buffer, however, was found to be quite inadequate, and after much experimentation an alkaline phosphate buffer was found to give greater sensitivity, a much reduced blank value and improved recovery of added ammonia. This was attributable to a much faster reaction rate at the optimized pH.
Experiments with changing the dispense positions were then undertaken on the assumption that ammonia loss could be occurring due to air mixing, or, possibly, after addition of a particular reagent. It was found that immediate air mixing after hypochlorite addition did indeed cause ammonia loss. Leaving too long a time interval after hypochlorite addition before air mixing, however, also caused precision problems, presumably due to incomplete mixing.
Optimization as eventually achieved by adding the buffer at station and all other reagents at station 2. Adding the reagents together gives good mixing and there is no ammonia loss due to immediate air mixing. The reaction also occurs immediately after sample addition which again minimizes ammonia loss. The index time was varied to find the minimum time in which the maximum stable colour developed (10s).
Under this regime, in which only mixer is used, the chemistry becomes single pass, with subsequent time saving.
It was also discovered that there was ammonia loss from the samples on the sample wheel. Thus the test must be carried out as soon as practicable ( to h) after sampling and should be scheduled first in any multiparameter run.
In conclusion, unlike dynamic flow systems, the order of reagent addition is unimportant. Also, unlike autoanalysers, where the system is enclosed ammonia loss can be a problem. This has to be minimized by carrying out the reaction immediately after sample addition and avoiding air mixing until the labile ammonia is chemically bonded. The reaction is pH-dependent.
Other methods
Calcium gives a colour with O-cresolphthalein at pH 12, which is measured at 578 nm. Magnesium and iron are excluded by using 8-hydroxyquinoline. It was found that sample acidity affected the reaction and the buffering capacity had to be increased.
Magnesium at pH 10 gives a colour with calmagite. Calcium is excluded using EGTA. It was found that the calcium interference could only be reduced and not removed, and it was concluded that the method was not suitable when the calcium content exceeds 100mg/1.
The total hardness method is an adaption of the 'calmagite' method using magnesium disodium EDTA. Calcium releases magnesium from the EDTA salt. Magnesium then reacts with the calmagite at pH 10. The method was found to be linear over the range 80-400 mg/1 as CaCO3. Results below this level were done using a low-level method, which was linear from 5-80 mg/1. This was achieved merely by altering the sample size. The method was found to be temperature-dependent and a 37C temperature bath was used. With no temperature bath the CV was about 5?/o.
The rest of the chemistries were fairly straightforward. The phosphate method was an adaption of the ammonium molybdate method. The only problem encountered was a tendency for the blue colour formed to coat the colorimeter. The addition of acetone to the ascorbic acid cured this problem.
The sulphate method was turbidimetric, using gelatin to keep the precipitate in suspension.
The chloride method was the standard ferric nitrate and mercuric thiocyanate procedure.
The nitrite method is the same as the nitrate method without the reductant step.
Precision
As can be seen from table 1, the IQAS gives excellent performance characteristics. These are considerably better than for the autoanalyser systems in use in this laboratory. They were also achieved without any special techniques like curve regeneration etc. The CVs for the within-batch standard deviation obtained at the 75 level varied from 0"2 to 0"7, which compared very favourably with the 2-5?/o obtained with the autoanalyser systems.
The harmonized monitoring tests (table 2) show that the between-batch standard deviation is larger than the within batch and is in some cases significantly so. But, as can be seen from the table, the criterion that the total standard deviation ofa single observation should not be greater than 5 of the concentration or 0"025 (whichever is the greater) is easily met, i.e. StZ/z 2 is much less than the calculated values for F 0.05. It can be seen that in this context the between-batch standard deviation is only significant compared to the within-batch standard deviation because the within-batch standard deviation is so small. 
